High-titer IgG autoantibodies to the La/SS-B ribonucleoprotein (RNP) are a hallmark of patients with primary Sjogren's syndrome. Anti-La/SS-B-positive human sera bind to multiple epitopes on recombinant La/SS-B, although the initial response is against an immunodominant epitope within the first 107 NH2-terminal amino acids (aa). Sequence analysis has identified a striking homology between aa 88-101 in this NH2-terminal region of La/SS-B and a feline retroviral gag polypeptide suggesting the anti-La/SS-B response may be initiated by cross-reactivity with an exogenous agent. In the present study, detailed mapping of this NH2-terminal epitope, using recombinant La/SS-B purified from the expression of overlapping DNA fragments spanning aa 1-107, has shown that this immunodominant epitope is a complex conformational or discontinuous epitope dependent upon both aa 12-28 and 82-99 for expression, even though these regions share no homology with each other. This requirement questions the significance of the homology between La/SS-B and a retroviral gag polypeptide in the generation of the B cell response to La/SS-B and is in accord with the general concept that B cells recognize conformational epitopes on antigens rather than small linear peptide sequences. The finding also reinforces the notion that native autoantigen could be the initiator of the autoimmune response. (J. Clin. Invest. 1992. 89:1652-1656
Introduction
The application of recombinant DNA technology to the study of autoantibodies to nuclear antigens (ANA)' has been an important tool in the analysis ofthe possible mechanisms ofANA production. The three main theories proposed for autoantibody production have been polyclonal B cell activation (1, 2) , molecular mimicry with self (3, 4) , and a response initiated and maintained by self (5, 6) . While evidence for polyclonal B cell activation exists for some autoantibody responses (1), a number of studies utilizing recombinant nuclear autoantigens (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) have provided strong evidence that ANA responses are induced and maintained by self antigen.
There is well established evidence for molecular mimicry between autoantigens and microbial antigens in autoimmune myocarditis. Cross-reactivity has been demonstrated between cardiac antigens and the group A ,B-hemolytic Streptococcus (17) and cardiac and peripheral nerve antigens and Trypanosoma cruzi (18, 19) . Molecular mimicry may also account for the induction of ANA. For example, Query and Keene (20) identified an epitope in the 70-kD protein of the Ul small nuclear ribonucleoprotein (snRNP) with homology to the retroviral p30w protein which they suggested initiated the antiUl RNP antibody response. In support ofthis Cram et al. (15) showed a higher frequency (72% compared with 58%) of antibodies to a recombinant 70-kD Ul RNP protein containing the cross-reactive epitope in newly diagnosed patients with mixed connective tissue disease than in patients with established disease. More recently, Maul et al. (21) identified an epitope on DNA topoisomerase 1 with homology to the retroviral p30w protein separated by only one amino acid from the region ofthe p30w homologous to the 70-kD Ul RNP epitope. A role for virus in the initiation ofthe autoantibody response to U 1 RNP has also been suggested by reactivity ofU 1 RNP-positive sera with a U 1 RNP peptide (ERKRR) with homology to the Ml matrix protein of influenza B viruses (22) . Two further studies have highlighted the potential for molecular mimicry in ANA induction. In the first, Kohsaka et (Fig. 1 A) . Expression ofPCR-generated La/SS-B DNA fragments. Each La/ SS-B DNA fragment was subcloned into the pGEX-2 vector (27) to generate in-frame fusions with the COOH-terminus of glutathione-Stransferase (GST). Transformants were analyzed for recombinant protein production (27) , and sequenced to confirm in-frame gene fusions. Recombinant proteins from the six different NH2-terminal subclones, LaAI-A6, were purified (27) and analyzed by SDS-PAGE (28) (30) with an alkali-denatured doublestranded template and two primers, designed to anneal 5' (5'-GCATGGCCTTGCAGGG-3') and 3' (5'-CATCACCGAAACGCGC-G-3'), to the pGEX-2 cloning site (16) .
Protein determination. The concentration of the purified recombinant La/SS-B-GST proteins was determined by the Lowry protein assay (31) using GST as the standard.
ELISA. Microtiter wells were coated with purified recombinant La/SS-B or GST at a concentration of 0.7 gg/ml in 0.03 M sodium carbonate, pH 9.6, and incubated overnight at 4°C. After blocking for 2 h with 3% BSA in 0.01 M phosphate buffered, 0. 15 M saline, pH 7.4 (PBS), the wells were washed three times with PBS-0.05% Tween 20 (Sigma Chemical Co., St. Louis, MO; PBS-Tween) and incubated at 37°C for 1 h with 0. l-ml dilutions of anti-La/SS-B positive sera or sera from healthy controls in 3% BSA-PBS-Tween. After four washes with PBS-Tween, 0.1 ml ofan alkaline-phosphate conjugated goat anti-human IgG (Sigma Chemical Co.) was added to each well and incubated for 2 h at 37°C. After (Fig. B) . The clone containing the LaA4 fragment produced 5-10-fold more recombinant protein/liter of culture than the other LaA subclones. (Fig. 3) . Despite doubling of the coating concentration for LaA2 and LaA3 the pooled anti-La/SS-B- Each of the recombinant LaA6 proteins was coated onto microtiter wells at 0.7 Ag/ml and reacted by ELISA with sequential dilutions of the rabbit anti-GST serum. The binding of the rabbit anti-GST serum to the recombinant proteins is given by the OD4,5nm.
positive sera still failed to react with either of these recombinant proteins (data not shown). These results suggest that each ofthe LaA subfragments adhered effectively to microtiter wells and that failure to detect binding of anti-La/SS-B positive sera to the LaA2,3,5 and A6 subfragments was not due to poor coating of antigen.
Competitive inhibition of antibody binding to LaA by the LaA, and LaA4 subfragments. Preincubation of the pooled anti-La/SS-B-positive sera with different concentrations of recombinant LaA, LaA, and LaA4 proteins significantly reduced the level ofanti-La/SS-B binding to LaA (Table II) . In contrast, (Table II) . A lack of inhibition by GST alone (Table II) Fig. 1 A) , has revealed the requirement for amino acids 12-28 in formation of the NH2-terminal epitope. This is supported by data from an earlier study (9) (23) between amino acids 88-101 of La/SS-B and amino acids 22-50 of a feline sarcoma virus gag polypeptide. It would seem unlikely that an isolated region of sequence similarity in a viral gag protein could mimic a complex conformational determinant involving disparate regions of a self antigen. However, whereas the data imply that anti-La/SS-B recognizes the retroviral sequence in La alone it may also recognize that sequence in conjunction with a different region on the retrovirus. This implies that the two hypotheses for the generation ofautoantibodies, molecular mimicry and anti-selfmay not be mutually exclusive. The demonstration of direct binding of anti-La/SS-B to the relevant retroviral protein will be important in further elucidation of these mechanisms. Furthermore, it cannot be discounted that such linear regions of similarity between selfand viral antigens may be of more importance in the loss of T cell tolerance to autoantigens. Homologies between epitopes on other nuclear autoantigens and viral proteins have been reported previously (20) (21) (22) 24) and while it is possible that infection with a virus could induce the production of antibodies that react with a limited number of autoepitopes, this mechanism does not entirely explain the generation ofan autoimmune response that is directed against multiple epitopes on the nuclear autoantigen (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) , some of which are conformational. Indeed conformation-dependent epitopes have been identified on a number of autoantigens (14, (32) (33) (34) (35) (36) and may be formed by amino acid residues from two or more regions of the molecule being brought into proximity to one another by protein folding (36) . It should be noted that Geysen et al. (37) have shown that a linear hexapeptide with the correct stereochemistry could substitute for an epitope composed of three separate regions of a foot and mouth disease viral antigen. A similar analysis for the immunodominant NH2-terminal La epitope will be important in further defining reactivity to this epitope.
